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Abstract 
In order to investigate the effect of meteorological factors on PM2.5 in Beijing, the continuous observation 
data which from July to September of 2006-2008 of Baolian and Shangdianzi stations are used to analyze. 
The result showed that: the transportation of southerly wind aggravated the fine particulate pollution 
degree of urban, and it is also the primary reason of the pollution in rural area. PM2.5 concentration 
decreased as the northerly wind increased in both urban and rural areas. This indicates that the northerly 
wind is relatively clear, can dilute and disperses the pollutants in the Beijing area, but the southerly wind 
play the opposite role. Hourly precipitation above 1 mm can eliminate PM2.5 effetely.  
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for 
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Introduction 
Particulate matter, one of the major air pollutants in most cities in China, has become the dominant 
pollutant in Beijing [1]. PM2.5 is relatively small size of Particulate matter. As fine particles, PM2.5 is most 
harmful to human health and hazardous to the environment [2, 3]. Moreover, PM2.5 can considerably 
reduce atmospheric visibility [4, 5]. Thus, research on this type of particulate matter has received 
increasing attention. In Beijing, the area allocated for buildings has been increasing annually since the 
1990s. By the end of 2009, vehicle ownership has risen to approximately 4 million; as a result, motor 
vehicle emissions have become a major source of PM2.5 in Beijing [6]. In this study, the mass 
concentration of PM2.5 has been measured continuously at an urban site and a rural site in Beijing for 
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three years (2006—2008). Using these observations, we analyze the characteristics of particulate matter 
in Beijing before and after the Olympic Games. 
 
1. Materials and methods 
PM2.5 concentrations are monitored at Baolian (urban station, 39q56cN, 116q17cE, 75.0 m) and the 
Shangdianzi regional atmospheric background station (rural station, 40q39cN, 117q07cE, 293.9 m). Both 
stations use a TEOM 1400a (R&P Company) to monitor PM2.5 concentrations. The filter loading 
percentage and flow rates of TEOM are checked once a week, and the filter is replaced when the filter 
loading percentage is greater than 30%. 
 
2. Influence of wind direction on PM2.5 concentration in the Beijing area 
Previous studies [7] show exchange of atmospheric pollutants between Beijing and surrounding areas. 
The main factors that affect the amount of pollutant transport and dispersion are wind direction and speed. 
To further discuss the effect of wind on the spread and transmission of pollutants in the Baolian and 
Shangdianzi areas, we choose the 1500 m altitude wind for statistical analysis. The terrain in Beijing is 
special, whose ground wind is vulnerable to the local valley wind circulation [8]. The altitude chosen is 
located at the top of the boundary layer, and can effectively indicate the changes in weather systems. The 
present study excludes the days of precipitation and uses July to September 2006–2008 sounding data 
(08:00 and 20:00 h daily) from the Nanjiao observatory of Beijing. The PM2.5 concentrations values 
during the corresponding periods are taken into analyze. Figure 1 describes the influence of wind 
direction on the concentration of PM2.5 at Baolian and Shangdianzi stations. 
 
 
 
 
 
 
 
 
 
 
Fig.1 The influence of wind direction on the concentration of PM2.5 at Baolian (a) and 
Shangdianzi (b) stations 
 
The comparison of the PM2.5 concentrations at different wind directions and a 1500 m altitude shows 
that there were high concentrations of PM2.5 at the southwest and south wind directions, reaching 98.6 and 
90.1ȝg/m3, respectively. These are followed by the east, southeast, and west wind directions. 
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Concentrations at the remaining directions were low. The concentration at the north wind direction was 
lowest (52.5 ȝg/m3). Thus, when wind from the 1500 m altitude comes from the E-W direction, the city is 
vulnerable to particulate pollution. Wind direction can be ascertained by statistical frequency, and our 
analysis reveals that the frequency of the southwest wind was 26.6%, which corresponds to the highest 
level of particulate pollution among the eight wind directions. The frequency of the south wind was 
12.1%; adding this to the frequency of the southwest wind makes up 40% of the total. Figure 2 also 
shows that at different wind directions, the PM2.5 concentrations of Shangdianzi station were similar to 
that of the Baolian station. The highest average concentration was observed at the southwest wind 
direction (74.1ȝg/m3) and the lowest at the north wind direction (26.6ȝg/m3). On the basis of wind 
direction frequency, it determine that the southwest direction had the highest frequency (25.6%), followed 
by the south direction (13.7%). Southerly wind that prevailed over Beijing from July to September 
transported the pollutants that were generated from the south of Tianjin, the southern part of Hebei 
Province, and some cities in Shanxi Province to Beijing. Furthermore, the blocking effect of the northern 
mountainous area aided the accumulation of pollutants in the Beijing area, and facilitated particulate 
pollution. The pollutants transported by the southerly wind not only exacerbated pollution from fine 
particulate matter, but also caused the emergence of fine particulate pollutants in the surrounding regional 
areas. 
 
3. Influence of wind speed on PM2.5 concentration in the Beijing area 
Obvious differences in the concentrations of fine particulates with wind directions were observed as 
well. Wind direction determines the transport direction of pollutants, and wind speed determines the 
degree of pollutant dilution and dispersion. To analyze the effect of wind speed on PM2.5 concentration, 
we examine the changes in classification statistics for the wind speed of the southerly (90°<wind 
directionİ270°) and northerly (270°<wind direction or wind directioQİ90o) winds (Figure 2). For 
southerly wind, the PM2.5 concentration increased with wind speed (p<0.05). The increase in wind speed 
not only failed to dilute the pollutants, but also increased the pollution in the northern suburbs. The 
increase in wind speed did not result in a visible increase in the concentration of fine particles in urban 
areas (p>0.05). These results may be attributed to the local pollution sources in urban areas, which also 
play an important role along with external pollutants. The actual pollutant concentration is the integrated 
effect of external and local sources, resulting in imperceptible relationship between the southerly wind 
speed and PM2.5 concentration. Figure 2 also shows that the PM2.5 concentration decreased as the 
northerly wind increased (p<0.05) in both urban and rural areas. This indicates that the northerly wind is 
relatively clear, can dilute and disperses the pollutants in the Beijing area.  
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Fig.2 The influence of wind speed on the concentration of PM2.5 at Baolian (a, b) and 
Shangdianzi(c, d) stations 
 
4. Effects of precipitation on PM2.5 concentration 
Precipitation plays a role in cleaning and washing pollutants out of air through the clear or wet 
deposition process. Thus, it is an important factor in maintaining the atmospheric composition. Eighty 
percent of the annual precipitation in Beijing is observed during the flood season (June to September) [9]. 
The wet deposition of atmospheric pollutants caused by precipitation is the primary means by which 
pollutants are removed. The role that wet deposition plays in relation to the concentration of pollutants 
cannot be disregarded. Therefore, analyzing the effect of precipitation on PM2.5 concentration from July to 
September is necessary. 
Table 1 presents classified statistics of the increase in PM2.5 concentration in 160 hours after 
precipitation in the Shangdianzi station. Precipitation was distributed widely, as proven by the 
distribution of hourly precipitation. However, most were concentrated in value less than 1 mm. Hourly 
precipitations above 1 mm accounted for only approximately 20% of the total. When the PM2.5 
concentration increased, the corresponding precipitation was, in most cases, less than 1 mm. The sample 
size accounts for 81.3% of the total sample size. The samples whose hourly rainfall amount is less than 
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0.5 mm account for 66.3% of the total. This means that low rainfall amount only slightly clears 
particulates. With the increase in humidity however, the PM2.5 concentration increased. In addition, the 
initial pollutant concentration had a direct influence on the removal amount. The variations in the initial 
PM2.5 concentration show that at an hourly precipitation of less than 2 mm, the scope of the changes in 
initial concentration was relatively large. At an hourly precipitation of above 2 mm, the initial PM2.5 
concentration was relatively low (the initial concentration of 100.25 ȝg/m3 occurred only once; most 
concentration levels were less than 30.0 ȝg/m3). In this particular situation, there were fewer particles in 
the atmosphere, the capture rate of precipitation was relatively low, and the changes in concentration are 
not obvious. In cases where fine particle concentration or precipitation volume was low, precipitation 
scavenging was relatively weak. The analysis in Figure 3 shows that most precipitation with no 
elimination effect was below 1 mm. The present study defines hourly precipitation above 1 mm as 
effective precipitation.  
 
Table1 Graduation statistics of the increase of PM2.5 concentration after precipitation 
at Shangdianzi station 
Hourly precipitation
˄mm˅ 
Sample 
size 
The range of 
initial 
concentration of 
PM2.5˄ȝg/m3˅ 
The average of 
initial  
concentration of 
PM2.5˄ȝg/m3˅ 
Ratio
˄%˅ 
<=0.5 106 1.5—156.33 35.8 66.3 
0.5—1 24 2.64—105.17 26.4 15.0 
1—2 13 1.5—108 27.9 8.1 
2—3 5 7—17.4 13.3 3.1 
3—4 4 9.5—100.25 47.3 2.5 
4—5 3 6.33—14.08 11.2 1.9 
>5 5 11.58—33.75 18.5 3.1 
 
5. Conclusions 
Effect of meteorological factors on PM2.5 in Beijing during July to September is analyzed. The 
following conclusions are drawn. 
The pollutants transported by the southerly wind not only increased fine particulate pollution in 
urban area, but also contributed to fine particulate pollution in the rural area. Meanwhile, the urban 
pollution source played a key role in Beijing; the actual concentration of pollutants in urban areas is the 
combined result of external sources and local sources. 
PM2.5 concentration decreased as the northerly wind increased in both urban and rural areas. This 
indicates that the northerly wind is relatively clear, can dilute and disperses the pollutants in the Beijing 
area.  
When the hourly precipitation reached more than 1 mm, the fine particles removed from the 
atmosphere effectively.  
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